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(54) Variable rate forward power control for multichannel applications 



(57) Separate power control for the forward voice 
channel and forward data channel is provided without 
using additional bandwidth or decreasing the amount of 
pilot signal provided from the mobile to the base station. 
Alternating voice and data power control commands or 
information are transmitted in the pilot channel by a mo- 
bile to a base station. In one embodiment, the power 
control portion of a first pilot channel segment is used 
to provide power control for the forward voice channel 



and then in the following pilot channel segment, the 
power control portion is used to provide power control 
for the forward data channel. In other embodiments, oth- 
er than a 50/50 mix between voice and data power con- 
trol is provided in the mobile's pilot channel. For exam- 
ple, forward voice channel power control commands 
may be transmitted two or more times for each trans- 
mission of forward data channel power control com- 
mands. 
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Description • ■ . . { . .. 

Background ot the Invention 
1. Field of the. Invention 

[0001] The. present invention relates to telecommuni- 
cations; more partic.ulariy, .to,tra.nsmit power coritrol. ^ 

Description of the Related Art ; 



[0002] FIG. 1 'illustrates base, stal ion 10 and mobile 
terminal 12 of a.GDMA (Code;biv|sion:Mu!tip^ ' _ 

communication system. Base station ,10 and mobile ter- 
minal 1 2 communicate jn the direction f rom base station 
1 0 to mobile terminal 1 2 over forward or downlink chan- 
nels 1.4. Mobile, terminal 12 communicates with base 
station ia using reverse or uplink chanriels 16.' Forward 
link channels 14 may include separate channels tor 
voice, data, a pilpl, signal, a dedicated control channel 
(DCCH) and other signals that provide control or over- 
head information. ;in,a sirnilar tashjon, reverse channel 
16 may include a vpice channeLa data channel, a pi lot 
channel and a dedicatejci cpntroj channel (DCCH). De- 
pending on the type of comrnunica^^^^ ^he 
voice channels may be omitted and data channels iriay. 
be used, or data channels, may be omitted and voice 
channels may-used, or boih yqice and. data channels 

may be used. . , , ; . * - ^ 

[0003] The amount. of ^power used to. transmit in the 
forward direction is adjusted to account for signal losses 
that may occur due'to environmental conditions arid/or 
signal fading that. is.a result of multiple paths between 
the base station and mobileV N/lobile \2 monitors char- 
acteristics of the forward Jink such as overall power re- 
ceived or error rates., Based on the received power, or 
the error rates, the mobile instructs base station 10 to 
either increase or decrease the amourit of power used 
for transmission over, me (onward data, and/or voice 
channels. For example, if the error rates are increasing 
or if they cross a threshold that was established when 
communications were, initiated, the mobile instructs the 
base station toVncrease the povver used for transmiUing 
the torv^ard .voice and/or data channels., Sirriilarly, it the 
mobile detects. exti;erpely low error rates, the.rnobjjp: in- 
structs base statiori' I'O to d^ecrqase^the power used Ic^r 
transmitting the f onward. voice and d^ta channel^s. When 
the bas^ . station TeceWeslhe^povyer control. irislructions 
from th- mobile; the/.base >t^tipnymodifie^^ the power 
used to transmit the^f^rw^ci vpice. ^nd.c^^^ 

accordingly. .... c.- • ^. , '■; ). 

[0004] . FIG..,2 illustrates the.pilpt c]iannei;rar;isnnrtte^^ 
from mobile 12 to base^stati9n l6:Yhe:pifpt channel is 
used by the mobile to transmit power control instructions 
to the base station. Jhe pilot channel is broken into seg- 
ments or pov^,er control .group's 20,o1 1.25 milliseconds 
in length. During portion or power control sub-channel 
22 of each of the 1 .25 milliseconds segments, the pilot 



signal is reptaced'by a pdwer control signal, b.it or com: . 
mand(s). tHe''fi)bwer control signal-'simply^tells the base . 
station to increase ordecrease^he power. used -.to transr^ j 
mit the forward voide channel and fonward data channel. ... 
5 The'sarhe'^power'contro|finformati:on is used tocontrpi • 
both the fonward voice and data channels. This.is.ac-, 
ceptable since^^bdth channels are transmitting into the , 
same environment and will suffer the same fluctuations 
due to the environment-.or fading. The remaining three- 
10 quarters ot each 1 .25 milliseconds segment is used for 
transmitting the pilot signal which enables the base sta- ' ^ 
tion to coherently demodulate signals from the mobile. 
[0005] F1G:S iilu^tratesa mobile'thafis.in'aisott hand- 
off condition' where signals are received from two base 
15 stations ihthi&^ituation mobile 12-,isrec'eivingVoiGe and 
data channels and a pilot channel Irorti base station 10 
and from base stati'on 50. As was discussed with regard 
to -F^IGV'i: rriobile'~1 2 'monitors the^power and/or :error 
rates associated with the voice and data signals and.re- 
20'' quests base'stetiohs 10 and 50 to either increafse orde- 
crease the power used to transmit voice and/or data.on 
the fbrWard^link:1hthis situation, the mobile once^again 
transmits power control commands as :was^ described 
With regard to FIG'. 2, ahd the same power control com- 
2t rriand IS' provided to both base station-lO and base sta- 
tion 5d^^^'"^"'^ 

[0006]' FIG. 4 iirustratesthe situation where mobi.e ^^ 
isTn a sbft hahBoff condition receiving communications 
frorh'base staticbn' 10 and base -station 50. In^this situa- 
30' tiori. mobile i2ls^ receiving a voice and- data channel 
from base station 10. but only a voice channel from base 
station 50. This situation might arise in a soft handoff 
where basfe Station' 50 doe's hot have sufficient resourc- 
es available to provide bbth a voice-and data channel to 
3S m6bileM2, and therefore only provides a voice channel. 
Sihce fhis is an-^symmethca! situation, the same power 
cont'rol information cannot be u^ed to control both the 
voice and data forward channels. The voice and data 
are subjected to different fluctuations, thepower^control 
'40 information derivedfrom monitoring the voice cannot be 
ap'pli6dtoddta andvicS versaf'- ' ■ •/'-''>^\ 



summary of th^ invention ; . \^ 

^45 ^[bbo'in ' 'The^pPesenr addressesahe^ afpre- 

meyo'Sed'firbbrem'byprovidingsepamtepower.eon^^^ 
'cdm^^^ndk'dl ihformation for'the-fonward voice and forr 
ward daU^chkhhels Withdeji uferng additional bandwidth 
bydem^ndirig 'additional pi lot -.power provided, from the 
ko ^'m^bile to'lhe base^ station. The'> present invention pro- 
'vides' altematiWg'^vdice^ and > data power controlccom- 
"rnahd^'iri tfie •^bwer'c6ntroPsub-Ghanriel -of..the- pilot 
•'6h'annei't^an'smitted^by mobilen'2. intone embodiment, 
■the-power'contrdr-portioh or 'sijb-channel-of a-first pilot 
55 ^channel segment=or power :control group is used to 
transmit power control information for the forward-voice 
•channel, and theh in the following pilot channel segment 
or power control group, the power control portion or sub- 
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channel is Used to.lransmit power control inforniation for 
the forward data channislr ln other ennbQflipents. other , 
than a 50/50 mix between. voice and data ppwer control . 
is provided in the mobile's pilot channel.-, For example, 
forward voice channel power control commands/n^y.b.e^^ 5 
transmitted two or more times for each transmission of 
forward data channel power.control cqrrimands. 

Brief Description of Ihe Drawings 

[0008] . ^ , , , 

= FIG/ 1 .illustrates a mobile communicating yvith the-, 

-base station using voice and data channels; . . 
' . FIG: 2 illustrates a,pilot channel with segments hav- ^5 

' ing power-control portions; ,. . . • ^ 

■- FIG. 3' iJlustrates.a mobile in communication witl;i^. 
' - two base stations using voice and data channels fpr 
-i both bas^ stations; ■ .',v.. . . t,.: , . ^ 

••^FIG:, ^Tiilluslrates a mobile Jn connrnunic^t|on. wU^^ 
' two base stations where svoice^and.deit^ a re, used. 
: with one base station and voice is used.without,data. 

^tor the second base station; ^- ^r,_,; . . ^ . 
'FIG.' 5 -iilustrate^s a pilot channel where, the. power. 
' i control sub-channel onportion of eyery.qthier' povy.er 2S 
control group or segment is used to transmit power 

* control commands for Ih^ sam© f onward. charinej; 

• FIG; 6 illustrates .a-p.ilot char^nel w|)erp,thre^^^^^^^^ 
missions ot power control commandSifor a first for- 

' ward channel-are executed tor. each.transmission 30 

ol power control commands lor a se^cpnd forward 
-*. channel; ^- - i:/ ■? = ' i : ; • : 
■ FIG. 7 is a table illustrating examples of povver con- 
! trol information transmjssionpqittems;.^nd. , 
' FIG. 8 is^a timeline illustrating. the relationship b,e- 3S 
tween communication.channel initializatipn.and th^e 
start of power-controNnformation transmissioa 

betaifed Description ol the Inve^ntion /,..,.^ , 

[0009] FIG. 5 illustrates a CDMA pilot c.ontrol phannel 
transmitted by mobile 1 2 to base stations, such as base 
stations 1 0 and 50. The pilot c|iannie|.is.diyi^^d 1^^^^ 
ments or power control groups 60,'627'64"affd'66'\^^ 
are/tor^example, .1 .i25 millisec.ondsjongrppr/pspoip^d^^ .fs 
pojlions:orpowencontrol;sub:Channels,2^ 
m^ni are used.-tp/transmil.ppwpr-coiitrf)! |nfo/mation,or 
commandsr portion 68prsegrnenl 6.0 is.u^ed.fpjr, power 
cdntrol.'portipn 70 of-segmer)t(62 is used .f^r^powe/, con- 
trol, portion .72 of segrrient 6j4 js used Joj; ppwer porit rpl, so 
and portion 74 of segment 66 is used tor jppy^ejrxoptrol. 
■|nthi& example, the portions used for. ppyyer cpQlrpl.^arje 
one-fourth .of a isegment.oriPCGJppvyer. control group). 
It'ls^also possible for the power control -portions to be 
greater than or less than one-fourth of a segment. The , 55 
remaining-portion of each segment, is used to transnpit 
a pilot- signal. For this. example, power control portions 
•of consecutive segments and/or PCGs are used in an 



alternating manner to provide voice and data power con- 
trol commands for the forward channels. For example, 
portions 68 and 72 may be used to provide power control 
commands for the forward voice channel while portions 
70 and 74 may be used to provide power control for the 
forward data channel. As a result,- separate power con- 
trol is provided for the forward voice and data channels 
without degrading the* pilot signal provided by the mo- 
bile. FIG. 6 illustrates a pilot channel where separate 
power control is used for the forward voice and data 
channels. In this example, power' control for the voice 
and data channels is not split equally. For every three 
power 'control transmissions for'the voice channel, only 
one*^ power control transmission is provided for the data 
channel. Power cbntrql portions 80V82 'and 84 contain 
commands' for forward voice power' control and power 
cqnirp! portion 86 contains ppwer control commands tor 
forward data channel powier control. In a similar fashion 
povyer control pdnions 88', 90 and 92 are used for for- 
ward voice, power control and pbrtiori 92 iis used for for- 
ward data power control: ThTs pl^ttern repeats until, for 
exarinple, the rriobile rece'iVeis n^vv' Instructions from a 
base, station, pr until the'Voide or" data channel is 
dropped. It. is also possible to provide other combina- 
tions of alternating power cohtrorinterrna'tion. For exam- 
ple, three dat^powei; cohtr-ol trans miss ions' may be pro- 
vided for eacH voice power' control trarismission, two 
voice power control transmissions may be 'provided for 
each data power control transmission, or two data pow- 
er control transmissions may be provided for each voice 
power control transmission. Other patterns may be used 
based on the priority given to the power control of a par- 
ticular channel: A channel that has a high priority for 
power control is provided with more power control trans- 
missions or bandwidth than'a channel with a lower pri- 
ority. Fl(3. 7js a table'that illustrates examples of pos- 
sible powercontrol transmission patterns. 
[0010] It is also pdsstble to provide power control for 
more than two forward chaniiels, for exarhple, power 
control rnay be provided for a voice channel, data chan- 
nel anld video channel, or toPa voice channel and more 
thanfone da^^^ one channel is 

confrol led;' the power 'Control iriformatiori for each chan- 
nel i^ transmittedrin an ihteMeaved fashion, using the 
ppwerporit'rdl portioh 'of the 'pilot channel segrnehls, 
[olptl] ^RG. eis a 'ttmelihe illustrltihg channel initiali- 
zation: When a conlmunlcatidn channel is initialized, the 
base station" sends a' data burst assignment message 
to the mobile.' This rih^'sSage'incliides setup information 
such as the Walsh code *assigmnent(s) and the power 
control 'transmissibh f>atterri:''After an action time spec- 
ified by the base^statipn in the burst assignment mes- 
sage, 'the base st^^^ sending data on the as- 
signed Walsh channel. The mob il ^ starts sending power 
"control information according to the power control pat- 
terri at the first reverse link frame boundary transmitted 
by the rriobile after the action time expires. The base 
station starts processing the power control information 
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at the first reverse link frame boundary after the action 
time expires. 



Claims 

1 . A method for communicating power control informa- 
tion for at least two communication channels, com- 
prising the steps of: 

transmitting power control information for a'first 
channel during a portion of a first segment of a 
pilot channel.^the first^segment Ipeing one of a 
plurality of rep^atjhg^segments; and ^ . 
transmitting power.: control information for a 
second channel during a corresponding portion . 
ot a second segment of the pilot channel, the 
second segment being one of the plurality of 
repeating segments. 

2. The method of claim 1 . further comprising the step 
of alternating between the transmission of power 
control information for the first channel and the 
transmission of power control information for the 
second channel 

3. The method of claim 1 . further comprising the step 
of transmitting power control information for a third 
channel during a corresponding portion of a third 
segment of the pilot channel. lhe third segment be-, 
ing one of the plurality of-repeating^segments. " 

4. The method of claim 1 . wherein power control infor- 
mation for the first channel is transmitted more than 
once for each transmission of power control infor- 
mation for the second channel. 

5. The method of claim 1 . wherein the first channel is 
a voice channel: 

6. The method of claim 5. wherein the second channel 
is a data channel. " 

7. The method of clairn 1 , wherein the first channel is 
a data channel..., ^ 

8. The method of claim 1 , wherein the first channel is - 
a video channel. | 
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(54) Variable rate forward power control for multichannel applications 



(57) Separate power control for the forward voice 
channel and forward data channel is provided without 
using additional bandwidth or decreasing the amount of 
pilot signal provided from the mobile to the base station. 
Alternating voice and data power control commands or 
infonnation are transmitted in the pilot channel by a mo- 
bile to a base station. In one embodiment, the power 
control portion of a first pilot channel segment is used 
to provide power control for the forward voice channel 



and then in the following pilot channel segment, the 
power control portion is used to provide power control 
forthe forward data channel. In other embodiments, oth- 
er than a 50/50 mix between voice and data power con- 
trol is provided in the mobile's pilot channel. For exam- 
ple, forward voice channel power control commands 
may be transmitted two or more times for each trans- 
mission of forward data channel power control com- 
mands. 
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